SUMMARY. Growing concerns about avian influenza, and its effect on agriculture and human health, have highlighted the need to understand the role of wildlife in maintaining and spreading the virus. We surveyed the wildlife inhabiting a poultry farm with recent H3N6 and H4N6 avian influenza virus exposure in Pennsylvania, U.S.A. One raccoon (Procyon lotor) tested positive for H4N6 antibodies. This is the first recorded incident of avian influenza exposure in a wild raccoon. We suggest that raccoons may play a role in the transmission of avian influenza viruses and in compromising biosecurity efforts at poultry operations. RESUMEN. Nota de Investigación-Evidencia serológica de la exposición a la influenza aviar (H4N6) en un mapache silvestre. El interés creciente acerca de la influenza aviar y su efecto en la agricultura y en la salud humana, ha destacado la necesidad de entender el papel de la especies silvestres en la preservación y diseminación de este virus. En este estudio, se muestreó la fauna silvestre que habitaba una granja avícola en la que había ocurrido recientemente una exposición a los subtipos H3N6 y H4N6 del virus de la influenza aviar en el estado de Pennsylvania en los Estados Unidos. Un mapache común (Procyon lotor) mostró un resultado positivo a la presencia de anticuerpos para H4N6. Este es el primer incidente reportado acerca de la exposición de un mapache silvestre al virus de la influenza aviar. En este estudio, se sugiere que los mapaches pudieran tener un papel en la transmisión de los virus de influenza aviar y también pudieran vulnerar los esfuerzos de bioseguridad en las operaciones avícolas.
Biosecurity efforts on poultry operations typically focus on reducing the potential of human activity, including the movement of poultry and poultry products, in controlling the spread of disease and the containment of infected flocks. Although the role of wildlife in compromising biosecurity is not well understood, the role of wildlife as reservoirs and vectors for influenza viruses has been widely recognized. This is especially true in the case of avian influenza viruses (AIV). Wild bird species have been identified as potential AIV hosts and reservoirs (5, 18, 20) . Unfortunately, very little is known about AIV in wild mammals, despite the fact that numerous wild mammalian species are commonly found in or near poultry facilities.
Mammals that have been recognized as hosts for AIVs include seals, whales, ferrets, and swine (4, 7, 8, 11, 12, 15) . AIV H4N6, most likely of avian origin, was isolated from morbid seals in January of 1991 in Massachusetts, U.S.A. (7). Bailey (2) identified AIV antibodies in a raccoon following an experimental exposure to a H1N1 virus. Similarly, H1N1 virus was isolated from a skunk (Mephitis mephitis) following an experimental exposure to this virus (2) . Additionally, mice and rats experimentally infected with AIV have demonstrated successful replication of H5N1 and H7N2 viruses (10, 17) . However, AIV could not be isolated from wild house mice (Mus musculus) on poultry farms during an outbreak of low-pathogenic AIV subtype H7N2 (10) . Recently, the AfricanEurasian highly pathogenic AIV subtype H5N1 has been identified in tigers (Panthera tigris), leopards (Panthera pardus), and domestic cats (Felis silvestris catus) (1, 14, 19, 22) . While the primary route of infection in these feline species is thought to be associated with consumption of bird carcasses, horizontal transmission among tigers was also suspected (1, 14, 19, 22) . This report documents AIV subtype H4N6 exposure in a wild raccoon (Procyon lotor) present on an AIVinfected domestic duck farm in Pennsylvania, U.S.A.
MATERIALS AND METHODS
An avian influenza serologic survey of wildlife inhabiting a poultry operation in Franklin County, Pennsylvania, U.S.A. was conducted in September of 2004. This poultry operation consisted of various duck species, domestic turkeys, and chickens. AIV activity had been identified through routine serologic surveillance in ducks at this farm 4 wk earlier, and again 1 wk prior to our visit, by the Pennsylvania Department of Agriculture. Subsequent subtyping of these seropositive sera identified the H3N6 and H4N6 subtypes.
Wild birds were collected with mist nets. Mammals were captured using Sherman TM (H. B. Sherman Traps, Tallahassee, FL) and Tomahawk TM (Tomahawk Live Trap Co., Tomahawk, WI) livecapture traps. Wild birds were euthanatized by cervical dislocation, and mammals were euthanatized in a CO 2 chamber. Blood was collected immediately following euthanasia. Serum samples were tested for exposure to AIV by agar gel immunodiffusion (AGID) (21). Confirmation of positive results, and subtyping of antibodies, was conducted at the United States Department of Agriculture's National Veterinary Services Laboratory (NVSL) in Ames, Iowa, U.S.A. following the protocol outlined by Swayne (21) . This protocol tests for the 15 known hemagglutin and 9 neuraminidase subtypes and eliminates the potential for nonspecific inhibition by using a hemagglutination inhibition (HI) reference reagent that has a heterologous neuraminidase subtype.
RESULTS
A total of 25 house sparrows (Passer domesticus), 10 European starlings (Sturnus vulgaris), two house mice, one woodchuck (Marmota monax), and one raccoon (Procyon lotor) were collected. Only 1 specimen, the raccoon, tested positive for exposure to AIV. This specimen tested positive for AIV antibodies using the AGID test, and these results were confirmed by the United States Department of Agriculture's NVSL. The H4 hemagglutin was positive at a dilution of $1:32. Serologic subtyping further identified these antibodies as specific to the H4N6 AIV virus.
DISCUSSION
Exposure to AIV has never before been documented in wild raccoons. Exposure to H4N6 has been documented in wild mallard ducks (Anas platyrhnchos) (23), harbor seals (Phoca vitulina) along the northeastern coast of the United States (3), and in pigs with pneumonia at a commercial swine operation in Canada (13) . The lack of previous evidence of AIV exposure in wild raccoons may simply be an artifact of an absence of similar studies. Even so, subsequent work, initiated as a result of this finding, suggests that the host potential of wild raccoons may be more significant than was previously thought (9). However, it is possible that these results are evidence of disease transmission between species. The stomach of this raccoon contained a large quantity of poultry feed, confirming contact between the raccoon and the poultry facility. Furthermore, both the raccoon and the poultry on this farm were seropositive for the same AIV subtype, H4N6. The sample size of the present study makes extrapolation of these results problematic. While the host or reservoir capability of raccoons is unknown, similarly, it is unknown if raccoons can shed sufficient virus to spread disease. Even so, these results suggest that raccoons may play a role in compromising biosecurity methods aimed at controlling AIV.
Raccoon ecology and the behavior of raccoons may support the transmission of AIV and other pathogens across agricultural landscapes. Raccoons are semi-aquatic mesocarnivores that thrive in a number of rural and suburban settings, are highly mobile, and have home-ranges extending from 5-5000 ha (16) . Pennsylvania has numerous duck flocks raised for live bird markets, and many of these flocks are reared in open pastures and with minimal confinement. Frequently, these flocks have access to small-and mid-sized streams and ponds on the premises. These environments are ideal for semiaquatic carnivores, including raccoons and mink (Mustela vison). In addition, wild waterfowl also often inhabit these ecosystems. The combination of outdoor rearing of waterfowl and the resulting possibilities of water-source contamination with fecal material from infected ducks (either domestically reared, wild resident, or migrating), along with the direct access to poultry feed by mammals, including raccoons, provides ample opportunity for fecal-oral transmission of AIVs to mammals. Raccoons and other mammals can traverse home ranges that could encompass multiple duck flocks and poultry farms. This behavior could serve as a route of disease spread through either direct shedding or through horizontal mechanical routes.
Waterfowl are typically asymptomatic carriers of AIVs, making it difficult to detect viruses based on clinical signs and mortality. However, the highly pathogenic African-Eurasian avian influenza H5N1 has resulted in mortality in waterfowl and other migrating birds (6) . Mortality in wild birds as a result of AIVs could result in scavenging of carcasses by mesocarnivores. This may be a cause for concern, as transmission has been documented in tigers, leopards, and a domestic cat through feeding on contaminated poultry and pigeon carcasses (14,19).
Continued interactions of mammals and birds increase the likelihood for receptor-binding changes, mixed infections, and a potential for genetic reassortment, thereby allowing for novel influenza viruses to emerge both in well-documented mammalian hosts and perhaps in newly identified mammals. Raccoons frequent domestic dog and cat feed bowls left outdoors and also frequent human dwellings, increasing the potential for human contact. Furthermore, raccoons are often considered a game animal and are frequently harvested for both fur and human consumption. Pennsylvania licenses over 20,000 individuals to harvest raccoons within specified hunting and trapping seasons (Pennsylvania Game Commission, pers. comm.).
The finding in the present study, and the ecologic considerations of potential host and vector species, suggests that collection of both nasal swabs and serum from raccoons for monitoring of AIVs on duck and other poultry farms may be warranted. Exclusion of raccoons and other mammals from farms should be emphasized as routine biosecurity measures to control AIV.
